EP 2 524 866 A2

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 524 866 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
21.11.2012 Bulletin 2012/47

(21) Application number: 12165885.0

(22) Date of filing: 27.04.2012

(51) IntCl.:
B64C 11/30 (2006.01

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 16.05.2011 GB 201108091

(71) Applicant: Rolls-Royce plc
London SW1E 6AT (GB)

(72) Inventors:
¢ Thornton, Stewart
Derby, Derbyshire DE21 7DN (GB)
¢ Simms, Paul
Hathern, Leicestershire LE12 5HZ (GB)
¢ McFarlane, Colin
Milton Keynes, MK17 8AR (GB)

(74) Representative: White, Kevin Andrew et al
Rolls-Royce plc
Intellectual Property
SinB-38, PO Box 31
Derby Derbyshire DE24 8BJ (GB)

(54) A variable pitch propeller rotor

(57)  Abladed rotor comprises a rotor body 2 carrying
blades 6, whose pitch can be varied by means of a pitch
input shaft 10. The pitch input shaft 10 drives the respec-
tive blade 6 about a spanwise axis X of the blade through

a harmonic drive reduction gear 14. The harmonic drive
reduction gear 14 comprises a wave generator 16 which
is fixed for rotation on the pitch input shaft 10 and a flex
spline which meshes with a circular spline 20 and is se-
cured to the blade 6.
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Description

[0001] Thisinvention relates to a variable pitch propel-
ler rotor, and is particularly, although not exclusively, con-
cerned with such a rotor which is part of, or driven by, a
gas turbine engine.

[0002] A known type of gas turbine engine, particularly
for use in aircraft propulsion, is a propeller gas turbine
engine or turboprop. This works in conventional form,
whereby a core engine comprising compressors, com-
bustion equipment and turbines drives one or more pro-
peller rotor stages via a shaft from a free power, or low-
pressure, turbine. The propeller rotor stage or stages
may be situated at the front or rear of the engine, with
respect to the direction of airflow through the engine. The
propeller rotor blades extend radially outwardly beyond
the core engine. The blades may be surrounded by a fan
casing to form a ducted fan, or they may be unducted to
form what is known as an "open rotor".

[0003] Each blade is of variable pitch, and for this pur-
pose is pivotable about its own longitudinal axis (i.e. a
spanwise axis) so as to change its angle of attack relative
to the airflow. This variable pitch enables more efficient
operation at a variety of operating conditions since the
incident angle between the airflow and the blade surface
can be optimised for the given airspeed and operating
mode of the engine and aircraft.

[0004] Mechanisms for controlling blade pitch on pro-
peller rotors are often complex, since it is necessary to
transmit a pitch variation input across the boundary be-
tween a stationary part of the engine and the rotating
propeller rotor. It is known to adopt hydraulic systems for
this purpose, particularly for traditional turbo prop en-
gines in which the propeller unit is at the front of the en-
gine. In such configurations, the hydraulic system is eas-
ily accessible for maintenance and repair, but this is not
the case if the propeller rotor is at the rear of the engine,
since it is then buried deep within the engine. Further-
more, hydraulic systems need to operate at very high
pressures in order to vary the pitch of significant numbers
(i.e. six or more) highly loaded blades.

[0005] Geared pitch change mechanisms are known
from, for example, US5154580. A pitch control mecha-
nism is situated at or close to the engine axis, and trans-
mits rotation to the propeller blades by means of respec-
tive pitch input shafts which extend generally radially of
the engine. Known pitch control mechanisms produce a
control output at relatively high rotational speed, and it
is necessary to reduce this before it is applied to the
blade, in order to achieve accuracy in the positioning of
each blade about its spanwise pitch axis. In US5154580
this is achieved by way of an epicyclic reduction gear at
the outer end of each pitch input shaft. Such mechanisms
incorporate clearances between the gear teeth, which
resultin backlash which introduces a deadband and non-
linear torsional stiffness. This results in poor control sys-
tem fidelity and the possibility of damaging vibration. Fur-
thermore, the epicyclic gearboxes add significantly to the
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weight of the system, and the large number of compo-
nents tends to reduce reliability.

[0006] Space within the rotor is restricted, and this
means that the size, and therefore reduction ratio, of any
reduction gearing incorporated in the pitch control mech-
anism is limited.

[0007] Furthermore, some open rotor designs with pro-
pellers at the rear require the actuating mechanism for
pitch control to extend across the annular gas flow path
ofthe engine exhaust. The low reduction ratios of existing
systems mean that the pitch input shafts extending
across the exhaust annulus have to transmit substantial
torque, and therefore need to have a relatively large di-
ameter. These shafts are commonly surrounded by
sleeves which are profiled to serve as vanes, and the
aerodynamic efficiency of such vanes is compromised
by the need to accommodate the relatively large-diame-
ter shafts.

[0008] According to the present invention there is pro-
vided a variable pitch bladed rotor comprising a rotor
body carrying a plurality of blades which are pivotable
relatively to the rotor body about respective spanwise
pitch axes, each blade being drivably coupled to a pitch
control mechanism by arespective pitch input shaft which
is aligned with the pitch axis and which is drivingly con-
nected to the blade by a harmonic drive reduction gear.
[0009] A harmonic drive reduction gear comprises a
circular spline within which a flex spline travels under the
action of a wave generator. The flex spline is radially
flexible, and is deformed by the wave generator into a
lobed configuration, which is typically two-lobed and so
is of generally elliptical form. Teeth at the lobes of the
flex spline mesh with teeth of the circular spline, while
regions of the flex spline away from the lobes are out of
mesh with the circular spline. The wave generator causes
the lobes of the flex spline to move around the circular
spline as a travelling wave, causing the flex spline to ad-
vance around the circular spline on each rotation, by an
amount dependent on the difference in the number of
teeth between the flex spline and the circular spline. The
result is a substantial reduction in speed between the
rotation of the driver of the wave generator and the rota-
tion of the flex spline.

[0010] In a specific embodiment in accordance with
the presentinvention, the flex spline of the harmonic drive
reduction gear is secured to the blade, the circular spline
is fixed with respect to the rotor body, and the wave gen-
erator is fixed for rotation on the pitch input shaft.
[0011] Each blade made be pivotably mounted in a
respective blade hub secured to the rotor body, in which
case the circular spline may be provided on the blade
hub.

[0012] Another aspect of the present invention pro-
vides a gas turbine engine having a bladed rotor as de-
fined above. The pitch input shafts may extend across
an annular gas flow path of the gas turbine engine. Each
pitch input shaft may be accommodated within a sleeve,
having an aerodynamic profile, which extends across the
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gas flow path.

[0013] The bladed rotor may comprise an open pro-
peller rotor or a ducted fan.

[0014] Forabetter understanding of the presentinven-
tion, and to show more clearly how it may be carried in
to effect, reference will now be made, by way of example,
to the accompanying Figure which is a partial sectional
view of a propeller blade root in an open rotor propulsion
unit.

[0015] Asshowninthe Figure, the propulsion unitcom-
prises a bladed rotor having a rotor body comprising an
annular casing 2. The rotor body 2 is driven by a gas
turbine engine so that it rotates about a fixed part of the
engine represented only schematically at 4. The casing
2 carries a plurality of propeller blades, of which one is
represented in the Figure by a blade root 6. The blade
root 6 is supported by bearings 7 within a blade hub 8
secured to the casing 2.

[0016] A pitch input shaft 10 extends from a pitch con-
trol mechanism (not shown) which is situated generally
at the rotational axis of the rotor (which is not shown in
the Figure, but lies below the part of the mechanism
shown in the Figure). As shown in the Figure, the pitch
input shaft 10 passes through a seal 12 secured to the
casing 2, into the hub 8. The pitch input shaft 10 is driv-
ingly connected to the blade root 6 by a harmonic drive
reduction gear 14.

[0017] The reduction gear 14 comprises a wave gen-
erator 16, a flex spline 18 and a circular spline 20. The
wave generator 16 is mounted on, and rotatable with, the
pitch input shaft 10, and has a non-circular, for example
oval or elliptical, outer periphery which cooperates,
through a roller bearing arrangement, with the internal
surface of the flex spline 18. The flex spline 18 is made
from a material, such as steel, which is sufficiently flexible
to enable it to be deformed as the wave generator 16
rotates within it. The flex spline 18 is connected by a thin
web 22 to the blade root 6. As a result, the flex spline is
supported for rotation by the bearings 7 and does not
require separate dedicated bearing support. It will be ap-
preciated from the Figure that the pitch input shaft 10 and
the blade root 6 are rotatable about a common axis X
which extends in the spanwise direction of the blade 6.
[0018] The outer periphery of the flex spline 18 is pro-
vided with gear teeth, which mesh with corresponding
gear teeth of the circular spline 20, which is formed on
an inner surface of the hub 8.

[0019] The casing 2 defines an exhaust flow path 24
of the gas turbine engine driving the propulsion unit. In
order to shield the pitch input shaft 10 from the exhaust
flow, it is enclosed within a sleeve 26 having an aerody-
namic profile, as indicated by the cross-section 26A in
the Figure.

[0020] In operation, the propulsion unit, comprising the
casing 2 and the propeller blades 6, rotates with respect
to the fixed structure 4 of the gas turbine engine. The
pitch input shafts 10 of the respective blades 6 are thus
also rotating. A pitch control mechanism, which may be
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of conventional form and is situated towards the engine
axis, causes the pitch input shaft 10 to rotate about the
axis X when the pitch of the respective blade 6 is to be
changed. Rotation of the pitch input shaft 10 causes ro-
tation of the wave generator 16, and this generates a
travelling wave in the flex spline 18. The travelling wave
causes the teeth of the flex spline 18 to be moved suc-
cessively into and out of meshing engagement with the
teeth of the circular spline 20. The flex spline 18 has fewer
teeth than the circular spline 20 (for example, it may have
two fewer teeth), so the travelling wave causes the flex
spline 18 to progress around the circular spline 20 at a
greatly reduced speed, and in the opposite direction,
compared with that of the pitch input shaft 10. When the
respective blade 6 reaches the desired pitch angle, ro-
tation of the pitch input shaft 10 stops, and the propeller
blade 6 is fixed in its new position.

[0021] Since there is tooth-to-tooth contact between
the flex spline 18 and the circular spline 20 over an ex-
tended region of the circular spline 20 corresponding to
the lobes of the wave generator 16, the arrangement
shown in the Figure has substantial torsional stiffness
and significantly less backlash than exists in conventional
spur gearing. Also, a significantly larger reduction gear
ratio can be achieved using the harmonic drive 14 than
with conventional gear mechanisms, which means that
the input torque transmitted by the pitch control shaft 10
can be reduced and its speed can be increased. This in
turn enables the diameter of the pitch input shaft 10 to
be reduced, leading to a corresponding reduction in the
width of the sleeve 26, reducing the obstruction to the
exhaust flow 24.

[0022] Although the circular spline 20 is shown in the
Figure as integral with the hub 8 it could comprise a sep-
arate component secured to the hub 8.

[0023] The described embodiment of the invention has
a 2-bearing blade root support (bearings 7), but the in-
vention would also work with single or multiple bearing
configurations of blade root support.

[0024] Itwill be appreciated that the variable pitch blad-
ed rotor arrangement has the harmonic drive reduction
gear connected directly to the blade root. This allows a
relatively high speed and hence small diameter shaft to
cross the gas flow path. This is advantageous because
it allows a much more compact and lighter arrangement.
Furthermore, having the harmonic drive reduction gear
connected directly to the blade root can achieve much
higher ratios than conventional systems which drive a
bevel gear set that then rotates the blades.

[0025] Although the present invention has been de-
scribed above with reference to an open rotor propulsion
unit, it can be applied to any form of bladed rotor, includ-
ing, for example, a variable pitch fan or a turboprop hav-
ing a forward mounted propeller.
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Claims

1. Avariable pitch bladed rotor comprising a rotor body
carrying a plurality of blades which are pivotable rel-
atively to the rotor body about respective spanwise 5
pitch axes, each blade being drivably coupled to a
pitch control mechanism by a respective pitch input
shaft which is aligned with the pitch axis and which
is drivingly connected to the blade by a harmonic
drive reduction gear. 10

2. A variable pitch propeller rotor as claimed in claim
1, in which the harmonic drive reduction gear has a
flex spline secured to the blade.
15
3. Avariable pitch propeller rotor as claimed in claim 1
or 2, in which the harmonic drive reduction gear has
a circular spline fixed with respect to the rotor body.

4. A variable pitch propeller rotor as claimed in claim 20
3, in which each blade is pivotably mounted in a re-
spective blade hub secured to the rotor body.

5. A variable pitch propeller rotor as claimed in claim
4, in which the circular spline is provided on the hub. 25

6. Avariable pitch propeller rotor as claimed in any one
of the preceding claims, in which the harmonic drive
reduction gear has a wave generator which is fixed
for rotation with the pitch input shaft. 30

7. A gas turbine engine provided with a variable pitch
bladed rotor in accordance with any one of the pre-
ceding claims.

35

8. A gas turbine engine as claimed in claim 7, in which
each pitch input shaft extends across an annular gas
flow path of the gas turbine engine.

9. Agas turbine engine as claimed in claim 8, in which 40
each pitch input shaft is accommodated within a re-
spective sleeve extending across the gas flow path.

10. A gas turbine engine as claimed in claim 9, in which
each sleeve has an aerodynamic profile. 45

11. A gas turbine engine as claimed in anyone of claims
7 to 10, in which the gas turbine engine is an open
rotor gas turbine engine.

50
12. A gas turbine engine as claimed in anyone of claims
1 to 10, in which the gas turbine engine is a ducted
fan engine or a turboprop engine.
55
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